Introduction
Burn is a trauma causing physiological changes in the tissue creating impairments of form, organ loss and death. Burn care and treatment is extremely difficult and includes complex procedures. 1 Chemical burns result from exposure to various chemical substances commonly found in the home, workplace or external surroundings, because of carelessness or neglect. Chemical substances are knowingly used by people in many areas, primarily in domestic and work environments. Approximately 6 million variations of chemical substances are used by people. Chemical burns constitute 3% of all burns, and 30% of chemical burns result in death. 1 The most common causes of chemical burns are acids such as sulfuric, hydrofluoric, hydrochloric and acetic acid, bases such as sodium and potassium hydroxide and calcium hydroxide, oxidants used in the home such as chlorides and peroxides, and various other substances such as hair dyes and airbag injuries. Acidic agents cause coagulation necrosis leading to cytotoxicity. Alkaline substances are more toxic than acidic agents due to the irreversible changes in protein and lipid tissue damage. 2, 3 The prognosis of a chemical burn depends on the type of chemical and the degree of injury. Most small lesions heal well but larger wounds do not generally heal and may become scars. The most common complications are pain and scarring after a burn. Most patients require consultation from more than one physician, and skin grafts may be necessary to reduce the scarring in many patients. 1 The aim of this study was to present the demographic data of patients with common and rarely seen chemical burns treated in our clinic, the type of chemical substance that caused the burn, the burn area and depth, the location of the accident, the first intervention made, the time to first admittance to hospital and to discuss these data in the light of information in literature.
Materials and methods

Patient selection
Approval for the study was granted by Diyarbakır Gazi Yaşargil Training and Research Hospital (6/7/2018-127) ethics committee; patient and guardian written informed consents were obtained in strict accordance with the principles set by Helsinki declaration. A retrospective evaluation was made of 19 patients (12 males, 7 females, mean age: 29.44 years) who were admitted for treatment of chemical burns in the Burns Unit of Healthcare Sciences University Diyarbakir Gazi Yaşargil Training and Research Hospital between 2014 and 2018. Initially, the records of 20 patients with chemical burns were examined but 1 case was excluded due to incomplete information. Thus, final evaluation in the study was made of 19 cases of chemical burns. All patients or their legal guardians provided informed consent for the use of their photographs and data. Samples of the chemical burns are shown in Figure 1 .
Exclusion criteria
Of the 20 cases retrieved from the archives, 1 case was excluded from the study because of incomplete records.
Data collection
Data were retrieved from the hospital patient files and recorded on a data form for evaluation in this study. Demographic data included age and gender and clinical data included; the cause of the burn (type of chemical), burn percentage, burn degree, burn localization, length of hospital stay, type of first intervention performed, time from trauma to presentation at hospital, VAS score, type of anesthesia applied, ASA score, culture taken and the agent if there was production, laboratory values, the presence of additional pathology, and treatments applied. 
Statistical analysis
Data obtained in the study were analyzed statistically using the hospital database Windows program. Descriptive statistical methods (mean, standard deviation, median, interquartile range values) were used in the data evaluation.
Results
The patients comprised 12 males and 7 females with a mean age of 29.44 years. The burns were evaluated as 2nd degree in 9 patients, 3rd degree in 5 patients and mixed 2nd-3rd degree in 5 patients ( Table 1 ). The total body surface area (TBSA) affected was mean 7.55±6.59% (range, 2-30%). The localization of the burns was the lower extremity in 12 patients, upper extremity in 6, mixed in 2, the genital region in 1, the chest in 3 and the area around the eyes in 2 patients (Table 2, Figure 2 ). The time of presentation at hospital was recorded as on the 1st day after the burn in 6 patients, on the 2nd day in 7, the 5th day in 4, the 10th day in 1 and the 14th day in 1 (mean time to presentation at hospital 3.44±3.53 days, range: 1-14 days). The mean length of hospital stay was 5.5 days. Pain was assessed according to a VAS on presentation and routinely during the stay thereafter. The mean VAS value was 6.4. When the anesthesia types were examined, use of the sedo-analgesia method was seen to be predominant. As a result of the routine cultures taken, there was determined to be production in 3 patients and no productive agent in 16 patients ( Table 1 ). The types of chemical burns of the patients are shown in Figures 3-5 As the first intervention, cold water was applied to 5 patients, normal tap water to 2, ice to 1 and a fire extinguisher to 1 patient. No intervention was made to 10 (52.63%) patients (Table 3) . When the location where the burn trauma happened was examined, the majority were seen to have been in the home and there was also a high rate in the workplace (Table 4) .
Of the patients, 84.21% (n=16) received only burn wound dressing by using Alloplastic Dermis Equivalent + Collagen + Antibiotic Baktiras, whereas 15.79% (n=3) received burn wound debridement and reconstruction with auto skin grafts. Intermingled allo and auto skin grafts were applied in 3 patients with cement burns (alkaline burns). Microorganisms growing in the injury cultures of the patients: Staphylococcus aureus in 2 patients, following Staphylococcus epidermidis in 1 patient. Systemic antibiotics used included cefotaxime, trimethoprim and sulfamethoxazole. All the patients were discharged from the hospital. 
Discussion
In this study, in addition to the agents of chemical burns previously frequently reported in literature, evaluation was also made of the physiopathological injury of uncommon and different chemical burns in patients who presented at our Burns Unit, and the first interventions and treatments applied are discussed. Chemical burns formed from contact with acid or alkaline chemical substances are generally seen as a result of workplace accidents or oral intake by children. 2 The substances commonly included in these products are hydrochloric acid, phosphoric acid, sulfuric acid, hydrofluoric acid, sodium hydroxide and potassium hydroxide. Acid burns result from chemicals with a low pH and are usually less severe than alkali burns. The common use of chemical substances in many areas of life has increased the possibility of exposure and burns. Insufficient personal protection in the workplace and lack of knowledge about chemicals cause an increase in these types of burns. Lack of knowledge and experience increases exposure in children in particular even more. There is a cluster effect in children aged over 2 years and below 5 years. 3 Small children are very active and tend to explore their surroundings, but they do not have sufficient cognitive skills to understand the caustic and burn potential of these substances. Leaving chemicals such as cleaning materials and personal care products at random in the home increases the possibility of contact by children. Of the current cases, 10 presented because of burns caused in the home by accidental or incorrect use of acetone, white vinegar, IL-33 wart medication, hydroquinone (Expigment 4%) and drain cleaner. The remaining 9 cases were workplace accidents or accidents in the external environment (Table 4) . The mean age of the patients in the current study was 29.4 years, which was higher due to the exclusion of oral and inhaled burns. In addition, the higher age can be attributed to the insufficient knowledge of adults in Turkey about the use of chemical substances.
Less frequently seen causes of chemical burns are exposure to metals, phenols, calcium oxide, alcohol, solvents and acetic acid. In several sources, chemicals are classified as acid, alkaline, organic and inorganic components. The most common substances in chemicals are acid in character. Acids affect proteins through denaturization and coagulation. These properties prevent penetration of the acidic substance to deeper tissues. As a result of the cellular dehydration and protein denaturization and coagulation that develops after exposure to an acidic substance, there is less fluid loss and edema, thereby creating a characteristic dry surface for acid burns. 2 One type of acidic burns is from IL-33, which is used in Turkey in the treatment of warts in a mixed weak acidic solution. No burn case related to this was encountered. It is possible that throughout the world there are no burns related to this drug which is included in combined acid types for warts in Turkey. No reports of this type of burn were found. This drug is common in homes in Turkey as it is used in the treatment of warts caused by the Verruca vulgaris virus, and it is therefore a drug with a greater possibility for accidents. As the bottle is small with a safety cap, burns are not often encountered. However, small local burns are formed around the treatment area which do not require presentation at hospital. As the burn associated with this drug is acidic in character, it is a deep burn with protein denaturization and coagulation necrosis and is slow to heal. There is a high likelihood of a requirement for grafting and of scar formation. The first intervention requires irrigation with a large amount of water.
Although the content varies according to the type of fruit, white vinegar is formed of amino acid, potassium hydrate, aldehyde, propionic acid, 4-5% acetic acid, 1% alcohol, pectin and fruit flavoring. It is a sour fruit juice frequently used in Turkey in salads and pickling. It is used in the home most often in autumn when pickles are prepared for winter. Severe burns and even death can be caused by the alcohol content and especially because the skin is thin. 4 The content of 4-5% acetic acid causes burns of the skin and esophagus in newborn infants and children. When these chemicals are examined, these burns are seen to have the same characteristics as acid burns. The first intervention and treatment is similar to that for acid burns (Table 3) .
Alkaline components cause soaping and liquefaction necrosis on the skin surface epithelium and they penetrate to deeper tissues.
Despite the increase in new technologies, the opening of an airbag in a traffic accident releases nitrogen, carbon monoxide, carbon dioxide, ammonia and various hydrocarbons, which cause inhaler and aerosol complications, and the sodium hydroxide within the bag causes alkaline burns. 5, 6 Patients brought to the emergency department (ED) with this type of trauma must be evaluated in respect of corrosive alkaline burns and inhaler complications in addition to cervical and chest trauma. The current study cases with airbag burns were unfortunately not applied with the necessary first interventions before arrival at ED and this increased the wound depth in these patients.
Lengthy contact with wet cement can cause severe burns as alkaline burns similar to airbag burns. Wet cement destroys the skin in 3 ways, firstly with allergic dermatitis through a reaction with hexavalent chromate ions, secondly by wear from the fine aggregate in cement and thirdly by alkaline burns as it has a pH of 12.5. 7 In contrast to thermal burns, these types of burns have an insidious onset. Cement entering from a tear in a boot that is not noticed continues to corrode and deepen skin necrosis. A few hours after exposure, the first symptoms emerge of a burning feeling, pain, redness and vesicular symptoms. After 12-48 hrs, a full thickness burn is formed. 8 To prevent cement burns, dirty clothes must be removed and the skin must be immediately washed with plenty of water. The first treatment should be started at the site of the accident.
Retrospective studies have shown that a high rate (75% or higher) of cement burns are full thickness burns requiring wound excision and grafting. 9 In a study by Lewis et al 7 , 51% of patients were unaware of the risk of cement burns and had taken no precautions. The current study patients were building laborers and, as in the Lewis et al study, were unaware of the risks of these chemicals, and the burn was noticed the following morning. Most of the current study patients had no knowledge about the first interventions for these types of substances. When the patients were admitted to hospital, debridement was performed followed by dressings with materials equivalent to alloplastic skin and healing was obtained without any requirement for grafting.
Organic solvents cause wounds through dissolution of the lipid membrane which leads to impaired physiological processes. Inorganic solvents cause wounds through a denaturisation mechanism. 7 Acetone, which is an organic solvent, was another chemical in this study for which no case was found in literature. Impairment of the skin barrier through treatment with diethyl ether, acetone and water causes dry skin, including increased transepidermal water loss and decreased hydration of the stratum corneum. 10, 11 Following induction of dry skin, various pruritogens and factors related to pruritogens become unstable in cutaneous cells. 12, 13 Acetone solvent is frequently used in the home as nail polish remover and glue solvent. Adults leaving these around after use increases the risk of young children in particular coming into contact with these chemicals. In the first intervention after the accident for this type of burn, decontamination of the chemical with fast-flowing water is extremely important. As infants and children have thin skin, the skin becomes dry and irritated. After impairment of the skin barrier, skin inflammation and necrosis develop. Some chemicals cause thermal burns due to the different chemical reactions formed and exacerbation other than in acidic and basic conditions, and because of the high heat generated. The best examples of this are cyanoacrylate, liquid oxygen, hot bitumen and hydroquinone-like medical drugs. Recent publications have shown that there has been an increase in skin burns in addition to eye burns of cyanoacrylate and other strong superglues. [14] [15] [16] [17] [18] [19] [20] Cyanoacrylate [CH2C(CN) CO2R] is a monomer formed as a result of the reaction of formaldehyde with alkaline cyanoacetate. 20 When this molecule is in contact with hydroxyl groups (-OH) (eg, water), it is reduced to exothermic polymerization. 18 In the presence of cotton fibers, which are abundant in cellulose and hydroxyl (-OH) groups, the abovementioned exothermic polymerization is accelerated, and when this is in the form of downward contact, it also causes a rapid and strong reaction which may cause thermal burns. 17, 18, 21 When there is contact at temperatures higher than 40°C, skin damage forms and when temperatures exceed 80°C, full thickness burns occur within a second. Kelemen et al 22 reported full thickness burns in 3 cases with a mean age of 14 years. In the same study, a mean temperature of 68°C was measured after contact of 4 different brands of glue with fabric. The 2 cases in the current study with cyanoacrylate burns were aged 2 and 5 years and in both cases full thickness burns formed. Oxygen can be in liquid form and in this form can be more effectively transported and stored in large amounts. Liquid oxygen is widely used for medical and industrial purposes. It is used as an oxidant for liquid fuels in the propulsion systems of aircraft and submarines. 23 Due to its cryogenic property, if liquid oxygen comes into contact with the skin, it causes numbness, severe skin irritation and frostbite. If it is ignited, it causes severe thermal burns.
There is very little information in medical literature about the emergency treatment for liquid frozen burns. In the application of first aid specifically for contact with liquid oxygen, the clothes that have been wet or splashed with liquid oxygen must be removed immediately. It is also necessary to wash the contaminated skin immediately with soap or mild detergent and water. 24 In the current study, a 45-year-old male working on an industrial site developed 2nd-and 3rd-degree burns on 4-5% of both calves as a result of leakage from an oxygen tube. However, the patient only applied tap water to the burned region for 15 mins. When the patient was hospitalized, debridement was performed followed by dressings with materials equivalent to alloplastic skin and healing was obtained in 10-12 days without any requirement for grafting. Hot bitumen burns are relatively rare and the majority are seen in the paving and roofing industries. The term bitumen is used to mean mineral products formed by raw petrol and asphalt oil, and long-chain petrol and coal or fossil hydrocarbons. 25 Direct contact with the skin when temperature transfer continues when adhering causes full thickness burns. Complete removal of the bitumen can result in suboptimal wound healing in bitumen burns and can increase the infection potential. In literature, the importance has been emphasized of early cooling and the use of Medi-Soll adhesive remover or liquid solvents such as petrol-based creams for the removal of bitumen. 26 However, treatment recommendations are based to a great extent on reports of small surface area burns. 27, 28 The patient in the current study with bitumen burns applied cold water as soon as the bitumen made contact with the skin and then removed it with vaseline when it had dried and presented at the hospital the next day. These procedures applied by the patient were compatible with the recommendations in literature of cooling then removal with oil. Hydroquinone prevents the transformation of DOPA to melanin by tyrosinase inhibition. Although it has been used in treatment at varying concentrations for more than 50 years, it is used most often at 2-5%. Commonly seen short-term side effects are irritation, erythema, stinging and irritant or contact dermatitis. In the mid and long term, milia and exogenous ochronosis may develop. [29] [30] [31] When literature was examined, no case was found of burn forming after long-term use of hydroquinone. Therefore, the case in the current study can be considered to be the first case in literature of the rare chemical burn of hydroquinone. This chemical burn that formed was potently acidic in character and caused clotting necrosis. In the first intervention, irrigation is required with continuously strong flowing water.
As in all burns, the first aid to be applied to a chemical burn is important in respect of monitoring the burn. The first intervention required is to remove the chemical and clean the patient. In the treatment of burns formed with chemical agents, the burned area must be washed with plenty of water. 32, 33 The earlier that neutralization with water is started, then the less severe the damage will be. In the washing procedure, saline or tap water can be used. Irrigation should be made gently with a high volume of water at low pressure. The duration of washing should be at least 30 mins and this can be extended to 1 hr in severe cases. During the irrigation, necrotic tissues and any foreign bodies that are present must be cleaned. It was observed in the current study that most of the patients had insufficient knowledge on this subject. While 10 patients had made no intervention, 5 patients had applied cold water for a short time, 1 patient had applied ice and 2 patients had correctly applied tap water but not for a sufficiently long period. Therefore, it was determined that in these patients, although the burn area was small, the depth of the burn was greater.
In extensive and moderate chemical burns, the first hours are of vital importance. Therefore, the patient should contact the nearest health care institution immediately. In these types of burns, metabolic effects can emerge in addition to the skin burn. For small burns not to become infected, the patient should present at a health care facility on the same day for antiseptic intervention and treatment. For outpatients with moderate and small burns, the first intervention is generally delayed. The reason for infection usually originates from skin flora. The most common agent is Staphylococcus. Wound infection or increased wound depth is often seen in delayed cases. 34 Some studies have reported that neutralization of alkaline burns with weak acids applied immediately after the trauma is more effective than neutralization with water. 35 However, it is known that when washing with neutralizing substances the healing process can be negatively affected by a thermal trauma forming additional to the chemical burn injury because of the excessive heat created as a result of the reaction between the acid and the neutralizing substance. 35 It would therefore be more appropriate to apply neutralization treatment only to some selected cases. The types of burns in the current study and the first interventions to be made are summarized in Table 1 . If chemical burns are not treated, they can cause shortterm, long-term and life-long health problems. 36, 37 Cutaneous wounds and the clinical status of the patient must be rapidly evaluated and treatment must be provided immediately. Appropriate early management is very important for the reduction of patient morbidity.
Conclusion
Chemical burn injuries represent a small proportion of total burn injuries. However, they are a specific type of injury requiring immediate initial intervention and treatment management. It is especially important to draw attention to the importance of prevention in working environments and in home environments. Patients should be treated by specialist physicians and consult a burn center as soon as possible. The first intervention is very important in such burns. With the exception of some particular chemicals, the gold standard initial treatment is washing with abundant water. Non-sterile and water-soluble new chemical neutralizers should also be kept in mind. In delayed cases, wound depth and infection rate increase.
In this study, the importance of the first intervention, the importance of early presentation at hospital and the treatment applied have been discussed in light of the information in literature.
Limitation
There were few cases in this study as these were patients with uncommon chemical burns. Further clinical studies with a high number of patients will provide a more advanced perspective on the results obtained. In addition, as the intensive care unit of our burns unit has not yet entered into operation, no evaluation was made of patients with large burns (over 20%) who needed intensive care. Future articles are planned to encompass a wider area and more patients after intensive care.
